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1) Extraction.
The fresh Porphyra thalli were washed several times with tap water to steep out salts, and then, with the addition of several drops of toluol, subjected to autolysis in a same volume of chilled distilled water for 24 hr at 5°C. The autolysate thus obtained was filtered through the cheese cloth with the aid of a hand press and the filtrate was used as the cell-free extract.
10.5 kg of the thalli were used in the present experiment.
2) Acrinolum fractionation.
To the cell-free extract described above, 1%' acrinolum solution was added slowly with stirring to 0.043%. The mixture was stirred for additional 30 min and the precipitate was discarded by cen trifugation.
1% acrinolum solution was further added with stirring to the supernatant fluid to 0.07500. This suspension was centrifuged and the precipitate obtained was dissolved in 17) M. Ishimoto and J. Koyama, J. Biochem. (Tokyo), 44, 233 (1957) . 18) N. Tamiya, Y. Kondo, T. Kameyama and S. Akabori, ibid., 42, 613 (1955 3) 1st ammonium sulfate fractionation. To the enzyme solution obtained above, crystalline ammonium sulfate was added to 45% saturation and the precipitate was removed by centrifuga tion. Crystalline ammonium sulfate was fur ther added to the supernatant fluid until the salt concentration was 90% saturation.
The precipitate, after collected by centrifugation, was dissolved in a small amount of 0.01m Tris-HC1 buffer, pH 7.5, and dialyzed against the same buffer for 24 hr.
4) DEAE-cellulose column chromatography.
The dialyzed solution was applied to a DEAEcellulose column (2.7 x 38 cm), which had been equilibrated with 0.01M Tris-HCl buffer, pH 7.5. Then, the column was washed with 3 liters of 0.01M Tris-HCl buffer, pH 7.5, to remove the remaining acrinolum in the enzyme solution.
The fractionation was performed using a linear gradient elution: One liter of 0.01M Tris-HC1 buffer, pH 7.5, was in the mixing vessel and l liter of 0.5M NaCl in 0.01m Tris-HCl, pH 7.5, in the reservoir. The flow rate was maintained at 120 ml per hour, and 15 g fractions were collected. The tubes in brackets in Fig. 1-1 were pooled for further purification.
5) 2nd ammonium sulfate fractionation. Crys talline ammonium sulfate was then slowly added to the pooled eluates obtained above to 55°o saturation.
The mixture was kept for 30 min and then centrifuged.
Crystalline am monium sulfate was further added to the supernatant (90% saturation), and the mixture was recentrifuged.
The precipitate was dis solved in a small amount of 0.01M Tris-HCl buffer, pH 7.5, and dialyzed against the same buffer for 24 hr. 6) DEAE-Sephadex A-50 column chromato graphy.
The dialyzed enzyme solution ob tained above was applied to the DEAESephadex A-50 column (1.7 x 31 cm) which had been previously equilibrated with 0.01m TrisHCl buffer, pH 7.5, containing 0.05M NaCl. Elution was performed with a linear NaCI concentration gradient ranging from 0.05 to 0.35M in 0.01M Tris-HCl buffer, pH 7.5. The flow rate was the same as in the first chroma tography on a DEAE-cellulose column and 10 g fractions were collected.
The fractions corresponding to high specific enzyme activity were combined and saturated with ammonium sulfate.
The precipitate was collected by centrifugation, dissolved in a minimal amount of 0.01M Tris-HCl buffer, pH 7.5, and dialyzed against the same buffer. The enzyme was assayed under the conditions stated in the text. Column size and butters used in each were also described there.
(1) DEAE-cellulose Chromatography. The tubes in brackets were pooled and fractionated with ammonium sulfate. 8) 1st and 2nd Sephadex G-200 gel filtration. The dialyzed solution obtained above was then further purified by two cycles of gel filtration. It was passed through a column of Sephadex G-200 (1.8 x 108 cm), previously equilibrated with 0.05M Tris-HCl buffer, pH 7.5. The same buffer was used to elute the column, and 5 g fractions were collected. The fractions from tube No. 21 through No. 25 on the second gel filtration (Fig. 1-5 ) were collected and used as the purified enzyme preparation.
Summary of purification. The purification procedures, described above, resulted in over 94-fold purification from the crude extract, and Table I shows a summary of them. The chromatographic pattern obtained here are illustrated in Fig. 1, (1)-(5) . Rather larger decrease in recovery through these purification steps was associated with inevitable discarding of fractions containing a large amount of biloproteins of the red alga, which also pre vented to improve the purification of this enzyme. The purified sulfite reductase is relatively stable and loses little activity during storage at -13.5°C for about six months, unless freezing and thawing are repeated. The reaction mixture in a manometer vessel contained 0.1 ml each of IM Tris-HCl buffer, pH 7.6, 0.02M methyl viologen and 0.1M sodium sulfite, 3.33 units of Desulfovibrio hydrogenase and enzyme preparation in a total volume of 2.0 ml. Other conditions were the same as those described in the text. Effect of pH. In Fig. 4 is shown the effect of pH on Porphyra sulfite reductase activity. The apparent pH optimum of the reaction in Tris-HCl buffer system was between 7.5 and 8.0. This optimal range of the pH was almost 21) H. Lineweaver and D. Burk, J. Am. Chem. Soc., 56, 658 (1934 Reaction product and stoichiometry of reaction. Under the assay conditions described in Ma terials and Methods, the enzyme catalyzed the reduction of sulfite to sulfide with hydrogen consumption. The sulfide produced in the reaction mixture was quantitatively estimated by the method of St. Lorant.201 As shown in Table II , the purified preparation of this en zyme could reduce sulfite to sulfide almost quantitatively with six electron reduction. p-chloromercuribenzoate and EDTA influenced to reduce the velocity of the enzyme reaction to some extent. Donor and acceptor specificities. Under the hydrogen-hydrogenase system employed, other redox dyes such as benzyl viologen, phenazine methosulfate, Janus green, methylene blue, nile blue and toluidine blue could also be reduced. Among them, only reduced benzyl viologen was effective as a reductant, but the efficiency was much less. Neither NADPH nor NADH could couple to the purified enzyme as an electron donor. As previously reported,"' the crude preparation of the methyl viologenlinked sulfite reductase from Porphyra can utilize the reduced form of spinach ferredoxin as an electron donor, but the highly purified enzyme cannnt couple it. Absorption spectrum.
The purified prepara tion of Porphyra sulfite reductase showed its absorption maximum at 385 mu and slight shoulders at 408, 456, 485, 600 and 664 my, in addition to an intense peak at 278 my (Fig.  5) . Unlike the sulfite reductases of other sources,3,7,10,12,13) a definite peak in the region of 590 ma was not observed. Metal and amino acid analyses. Metal analysis for the purified enzyme was conducted in a Diffraction Grating Spectrophotograph, GE 340. The result suggested the presence of iron and copper atoms in the enzyme molecule (Fig. 6 ). Quantitative analyses, however, were not successful in this case. Cobalt, manganese, molybdenum and zinc were not detected. Fig. 7 . A; will be seen, the enzyme was homogenous on sedimentation. The sedimentation coefficient of this peak, corrected to 20°C, was 4.74S. This is close to values reported in the Aspergillus10) and higher plant"' enzymes.
By the method of Andrews22) on a stand- For a gel filtration test, a Sephadex G-100 column was equilibrated with 0.05M Tris-HCl buffer, pH 7.5, and the flow rate of 10 ml per hour at 5°C was maintained.
The relationship between the elution volumes-and the molecular weights for five standard proteins and for the Porphyra enzyme was studied, using blue dextran to determine the V,. In Fig. 8 is shown one of the results obtained by a few trials.
By this procedure, the mo lecular weight of the algal enzyme was calcu lated to be between 84,000 and 87,000.
DISCUSSION
It may be pointed out that the general properties of the reduced methyl viologenlinked sulfite reductase purified from Porphyra yezoensis, a red alga, resembles those prepared from the other sources.10,12,13) As described in the Results section, the apparent pH op timum of the Porphyra enzyme is between 7.5 and 8.0. The amount of Desulfooibrio hy drogenase preparation used in the present experiments was always in excess at all pH ranges tested. so that the effect of pH on sulfite reduction is probably not due to hy-22) P. Andrews, Biochem. J., 96, 595 (1965 drogenase activity. The optimal range of the pH of the sulfite reductases from other sources has been reported to be all in the vicinity of 7.5. The algal enzyme agrees well with both the Allium12) and spinach"' ones in the Km value for sulfite. Potassium cyanide, known as a potent inhibitor for both NADPH-l inked"" and reduced methyl viologen-linked10,12,13) sulfite reductases, also strongly inhibits the algal reductase activity.
